etween June 1991 and May 1996 we carried out arthrodesis on 15 patients with flail or partially flail wrists using an AO/ASIF dynamic compression plate (DCP) without a bone graft. The wrist was approached through the second extensor compartment. The minimum follow-up was for 24 months with a mean of 34.2 months. All 15 wrists fused without major complications at a mean of 11.9 weeks. Stabilisation improved the function of the hand affected with paralysis and the appearance of the extensively paralysed upper limb with a flail hand. In the absence of bony abnormality fusion can be obtained with a DCP alone without the need for bone grafting.
Fusion of the wrist involves the radiocarpal, midcarpal and carpometacarpal joints in the radiocentral axis. The scaphotrapezial joint is excluded to avoid limitation of movement of the thumb. 1 Earlier techniques used grafts of the iliac bone 1,2 through a dorsal or a radial approach. 3 The distal ulna served as the graft with the ulnar approach. 4 These techniques required long periods of immobilisation 1 and resulted in rates of pseudarthrosis as high as 20% to 28.5%. 5 The use of internal fixation, initially with Steinmann pins or Rush nails, 6 reduced the period of immobilisation and the incidence of pseudarthrosis to 8.3%. 5 The introduction of the AO-dynamic compression plate (DCP) (Synthes; Mathys Medical Ltd, Bettlach, Switzerland) by the AO/ASIF group 7, 8 combined with bone grafting gave a very high rate of success and has become the most popular method. [7] [8] [9] [10] Distal fixation of the DCP to the third 10 metacarpal is favoured over that to the second metacarpal. 8, 9 Rates of union of 100% have been reported 8 with the DCPbone-grafting combination for rheumatoid arthritis, secondary osteoarthritis due to Keinböck's disease and post-traumatic complications in the wrist.
We have studied the outcome of arthrodesis using a DCP without bone grafting in wrists with no intrinsic radiocarpal and intracarpal abnormality in patients with paralysis of the extensors and flail wrists.
Patients and Methods
Between June 1991 and May 1996, we carried out an arthrodesis on 15 patients with paralysis affecting the wrist. Their mean age was 24.5 years (11 to 53). The duration and cause of paralysis, the side operated on, the time taken for fusion, and the period of follow-up are shown in Table I . MRC grading was used to assess motor power. There was associated paralysis of the shoulder, elbow and hand in 12 patients (Table II) .
Preoperative assessment showed that all patients managed their basic activities of daily living with their normal hands. Of the 15 patients, 11 used their affected hands for dressing and toilet. Extensive weakness meant that it was impossible to assess accurately in 14 patients. Operative technique. A curvilinear dorsal incision was made centred at Lister's tubercle. The wrist was approached through the second extensor compartment by incising it in the long axis. The third and fourth extensor compartments were elevated subperiosteally with the tendons and retracted towards the ulna without entering the compartments. This dissection required care, particularly when tendon transfers for extension of the fingers and thumb were planned for a later stage. The distal radio-ulnar joint was not disturbed. The articular cartilage of all adjacent joints was removed meticulously with a small burr or sharp osteotome and a fine rongeur. The denuded surfaces were brought together with the wrist in 15° to 20° of dorsiflexion (mean, 18.5). A 3.5 mm DCP of appropriate length was contoured and applied in compression mode to obliterate the intercarpal and radiocarpal gaps. Bone grafting was not done and small irregularities at the margins of the opposing articulations were left. A suction drain was inserted before the wound was closed. A volar plaster-of-Paris slab was applied until removal of the sutures and then a wrist cast for a further three weeks. A thermoplastic splint with velcro straps was provided for a further three weeks.
The minimum follow-up was for 24 months with a mean of 34.2 months. Three months after arthrodesis additional procedures were carried out on 12 patients to improve the function of the hand and to provide elbow flexion and shoulder stabilisation (Table II) . Two patients did not have any reconstruction for disability of the proximal joints because of the absence of transferable tendons in one and the acceptance of the long-standing situation in the other.
Results
The patients were assessed clinically for pain, swelling and abnormal movement at the arthrodesed wrist after the sixth postoperative week. Anteroposterior (AP) and lateral radiographs were taken every two to three weeks, depending on the regularity and frequency of attendance. Fusion occurred at a mean of 11.9 weeks (10 to 14) in all 15 wrists (Figs 1 and 2). There was no evidence of pseudarthrosis. In a young patient with residual birth palsy, fracture of the radius occurred at the proximal screw site of the DCP 30 months after fusion of the wrist because of a fall. The implants were removed and an appropriately long new DCP was used to fix the fracture, excluding the fused wrist. The patient with cerebral palsy was found to have lost 5° of wrist extension at a late follow-up of 38 months. There was no radiological evidence of loosening of the screws or the plate.
In 11 patients, there was improved function of the hand. Gross manual dexterity was evaluated using the block-intobox method. In these 11 hands, including those which had additional transfers to restore finger and thumb extension, the mean improvement of cylindrical grasp using the Jamar dynamometer ( Fig. 3 ) was 21.4% (19 to 25) when compared with their normal hands. The other four could be used only as a stabiliser or for bimanual activities, such as carrying light articles. In the youngest patient, aged 11 years, there were no problems related to shortening of the forearm or ulnar overgrowth after fusion of the wrist. The DCP was removed a year later. Four other patients had their implants removed at a mean of 20 months after wrist fusion, in three at the request of the patient.
Discussion
In patients with paralysed upper limbs who are late in seeking treatment, assessment is needed of contractures of the joints, the muscle power suitable for transfer, the time interval that the stages of reconstruction require, and the nature and extent to which established procedures can be suitably chosen for the patient's needs. Priority is given to the evaluation of sensory function and the careful assessment of available tendons which can be transferred whenever possible. Patients usually expect dynamic functional restoration. Stabilising procedures such as arthrodesis as an alternative for a weak joint, require careful consideration. In the developing world, injuries to the brachial plexus in adults as a result of road-traffic accidents are on the increase and are approaching the more common causes such as poliomyelitis and birth palsy.
There are few reports on fusion for wrists affected with absence of intrinsic abnormality of the carpus or secondary arthritic changes, the potential for fusion of these carpal bones is unaltered. Meticulous removal of articular cartilage from the adjacent radius, scaphoid and lunate, capitate and the base of the third metacarpal leaves even gaps with minimally disturbed contours between the opposing surfaces. These can be obliterated when the DCP is fixed in compression mode.
Our indications for arthrodesis in wrists with paralysed muscles have been similar to those already described 11, 13, [15] [16] [17] except for one patient with a total paralysis of the radial nerve and partial paralysis of the median nerve. The latter excluded the possibility of transfer of the tendon of pronator teres or of superficialis for wrist extension. Therefore, fusion of the wrist was followed by transfer of the flexor carpi ulnaris to obtain extension of the fingers and thumb (Fig. 2) . The wrist is fused in 15° to 20° of dorsiflexion 15 for the patient's satisfaction and for cosmetic reasons. In our series, the mean angle of fusion was 18.5° of dorsiflexion. Liebolt 17 has mentioned neutral deviation to improve cosmesis and to prevent a weak grip. This is essential for hyperlax digits and supple hands commonly noted in Asians and for patients with post-polio paralysis 18 or birth palsy. In these individuals wrists fused in radial or ulnar deviation tend to result in the development of angular deformities in the small distal joints which contribute to a weak grip. These secondary problems may be exaggerated when tendon transfers are done later. Early mobilisation of the digits and reduction of postoperative stiffness have been noticeable after wrist arthrodesis using a DCP. The fingers and thumb begin to function better with whatever power their flexors and extensors possess. This is probably due to the flexor and extensor muscles of the digits not dissipating force at the stabilised wrist. Fusion of the wrist has been reported to improve the appearance of the hand in paralysed limbs 12, 19 and, when the hand has been totally flail, it provides a prop for a bimanual grip. Arthrodesis of flail and partially flail wrists using a DCP and without bone graft leads to predictable union. Stability of the wrist in mild dorsiflexion and neutral deviation allows the weak digits to function better. In more severely paralysed hands there is a better appearance and it contributes to stable bimanual activity. Our approach to the wrist articulations only through the second compartment to place the DCP without entering the third and fourth extensor compartments, allows subsequent reconstruction by tendon transfer for thumb and finger extension to function smoothly.
